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A disk drive comprises a storage disk mounted for rotation, a he«!t having s^arate read artd write transducers arranged in separate 
respective read and write gaps, and a rotary actuator for mounting tfte head for reading and writing data from and to the storage disk. The 
rotary actuator causes a skew angle between the read and write gaps aiul the data tracks during read and write operations. The storage disk 
comprises a magnetizable surface having a plurality of drcuxnfeitntially extending data tracks defined on the magnetizable surface. Each 
data track includes at least one data sector comprising a data field for storing data and control information for use in reading the data sector. 
Each dau track further Includes a write ID fiekl containing data sector identification information Ua reading by the read transducer of the 
head during a write operation of the data sector and a read ID fieU containing data sector identification infonnation for reading the read 
transducer of the head during a read operation of the data sector. The write ID fiekl is arranged in the respective data track at a position 
radially offset ftxxn the data sector, as a ftmctioo of the skew angle such that the read gap is centered over the write ID field when the write 
gap is centered over the at least one data sector. The write ID fiekl includes control infonnation for use in reading the write ID field. The 
read ID field is arranged within the data sector such that the control Infomution of the data sector is used for reading the read ID field. 
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DUAL IPETrnnCATION FQR DATA FIELPS 9f ^ PISK DRIVE 

Figl4 of thg Invgntion 

The present invention is directed to disk drives. More particularly, the present 
invention provides dual identification fields for each data sector recorded on a data 
track of a disk so that the data can be written and read using a dual gap head such 
as a magnetoresistive head. 

fagkgrpynd of ihg Invgnrign 

Disk drives are commonly used in woricstaiions, personal computers, laptops and 
other computer systems to store large amounts of data that are readily available to 
a user. In general, a disk drive comprises a magnetic disk that is rotated by a 
spindle motor. The surface of the disk is divided into a series of data tracks that 
extend circumfercntially around the disk. Each data track can store dau in the form 
of magnetic transitions on the disk surface. 

An interactive element, such as a magnetic transducer, is used to sense the magnetic 
transitions to read data, or to conduct an electric current that causes a magnetic 
transition on the disk surface, to write data. Typically, the magnetic transducer is 
mounted in a head. The head, in turn, is mounted by a rotary actuator arm and is 
selectively positioned by the actuator arm over a preselected data track of the disk 
so that the transducer can either read data from or write data to the preselected data 
track of the disk, as the disk rotates below the transducer. 

A gap is provided in the head to position the active elements of the transducer at a 
position suiuble for interaction with the magnetic transitions. In certain modem 
transducer stnjcturcs, dual gaps are provided in the head, one for positioning a read 
transducer and the other for positioning a write transducer. In this manner, separate 
technologies can be used for each of read and write transduction operations to 
enhance the overall effeaiveness of a disk drive product. Moreover, the use of 
separate gaps accommodates design constraints that would preclude mounting 
different transduction technologies in the same physical gap. 



wo 9603305 



PCT/US96/00379 



For example, in a magneto resistive head (MR head), a magneto resistive element 
(MR element) is used as a read transducer. The magnetoresistive element comprises 
a material that exhibits a change in electrical resistance as a function of a change in 
magnetic flux of a magnetic field applied to the element. In a disk drive 
environment, the MR element is positioned within the read transducer gap, above 
a disk surface. In this position, the electrical resistance of the element changes in 
time as magnetic transitions recorded on the disk pass beneath the read gap, due to 
roution of the disk. The changes in the resistance of the MR element caused by 
magnetic transitions on a disk occur far more quickly than the response of 
conventional transducers to magnetic transitions. Thus, an MR transducer is able 
to sense magnetic transitions during a read operation at higher rotational speeds and 
data densities. 

However, an MR element is not able to conduct a current in a manner that 
efficiently generates a magnetic field, which is necessary to write data on a disk 
surface. Accordingly, an inductive circuit is used as the write transducer and is 
positioned in the separate write gap. 

Due to the existence of two physical gaps for separate read and write transduction 
operations, there is necessarily a skew as between the two gaps and relative to the 
ccntcrline of any particular data track on a disk surface, when a rotary actuator arm 
is used. This is because the rotary actuator moves the head along an arcuate path, 
from the inner diameter, to the outer diameter of the disk. The arcuate path causes 
the head to be at a skew angle relative to each dau track, with the skew angle 
varying as a function of the position of the actuator. Moreover, the skew angle at 
any given data track causes a slightly different orientation relative to the centerline 
of the disk track for each of the read and write gaps. 

Whenever data is either written to or read from a data track, the appropriate 
transducer gap must be centered over the centerline of the data track where the data 
is to be written or from where the data is to be read, to assure accurate transduction 
of the data. Thus, in a read operation, the gap associated with the MR element 
must be centered over the appropriate dau track centerline and the gap associated 
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with the inductive write circuit will be offset from that track ccntcrline due to the 
skew angle effect. The opposite is true in a write operation. 

In modem disk drive architectures, each data track is divided into a number of data 
sectors for storing a fixed sized data block. To facilitate access to any particular 
data block stored on a disk surface, each data sector includes an identification field 
(ID) to provide a unique "address" for the respective data sector. The address 
contains position information and permits a computer system to locate and verify the 
identity of a particular data field to be written or read at any one time. 



In either a read or write operation, the ID of the data sector is read to verify that 
the actuator arm has positioned the transducer over the proper data sector. As noted 
above, when the disk drive includes a dual gap transducer, there is a skew between 
the read and write gaps relative to the centerline of the data track containing the data 

15 sector of interest to the computer system. Thus, in a write operation, the write gap 

is positioned over the centerline of the data track where a particular data sector to 
be written is located. However, the read gap is now offset from the track centerline 
due to the skew angle effect, and is not in a pn^r position to accurately read the 
ID field to verify that the computer system has access to the correct data sector for 

20 writing, 

A prior solution to the problem of an inability to accurately read an ID field due to 
gap skew is to record two ID fields for each data seaor. One of the ID fields is 
aligned with the centeriine of the respective data track, while the second ID field is 

25 offset form the track centerline by an amount equal to the skew experienced by the 

gap not aligned with the centerline of the respective data track where the data sector 
is located. In this manner, when the write gap is positioned over a track centerline. 
the read gap will be centered over the offset, second ID field. Thus, in a write 
operation, the read transducer can be used to accurately read the second, offset ID 

30 field to verify that the proper data seaor has been accessed. The write gap will 

then be properly positioned over the track centerline to write data to the data sector. 

While the prior solution overcomes the skew problem, additional overhead is 

-3- 
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required to maintain the two ID fields. Overhead refers to portions of a disk 
surface that must be used to store information necessary for the control of the disk 
drive. Space on a disk surface used to store control information is not available to 
store data, and thus reduces the storage capacity of the disk drive. The ID fields 
are examples of overhead. The use of two complete ID fields per data sector 
doubles the overhead imposed by the address information. 

In any disk drive design, consideration is given to cost/benefit of any overhead 
imposed on a disk surface. If the advantage of the control information outweighs 
the overhead cost, the addition of the overhead will be considered acceptable. The 
dual ED filed arrangement offers a practical solution to dual gap heads, and the 
advantages of using MR heads generally outweighs the additional overhead imposed 
by duad ID fields in some disk drive applications, even when the ID field overhead 
is doubled. 

Summary o f the Invention 

The present invention provides a dual ID field anangement that minimizes the 
additional overhead imposed on the disk drive system, while maintaining the 
advantages of the dual ID proposal. Generally, the present invention shares certain 
overhead between the ID field aligned with a track ccnterline and the data field of 
the respective data sector. 

Typically, each field recorded on a disk surface includes overhead necessary to 
synchronize the read and write electronics to the, magnetic transitions on the disk 
surface. For example each ID field generally requires a VFO signal and a sync 
mark. The VFO signal is processed by the read electronic circuit to synchronize or 
"lock" its frequency of operation to the frequency of occurrence of magnetic 
transitions as the disk rotates below the read transducer. In this manner, the read 
electronic circuit can properly process the transitions to detect the ID information. 
The sync mark indicates that the transitions following the mark represent the actual 
ID information for the respective data sector. Both the VFO signal and sync mark 
take up space on the disk surface, and thus impose an overhead on the disk. 
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Accoiding to the present invention, the ID field aligned with the track centeriine is 
merged into the data field of the data sector and utilizes the VFO signal and sync 
mark already present in the dau field for use in reading and writing data. The ID 
infonnation is written after the data sync mark and prior to the actual data. 
Accordingly, the amount of overhead added to a disk surface in a dual ID 
arrangement is minimized. 

The present invention also reduces the number of passes required to write ID fields 
during an operation to format the disk. A formatting operation involves the writing 
of overhead information on a disk surface prior to using the disk to store data. A 
pass refers to a complete rotation of a disk to write the overhead required for a data 
track of the disk. In the dual ID field arrangement of the prior proposal, two passes 
are required per data track, a first pass to write the offset ED field, and a second 
pass to write the ID field aligned with the track centeriine. 

According to the present invention, only one pass to write the offset ID field is 
necessary during a formatting operation. The second aligned ID field is written 
during a normal write operation. e,g., at the time when data is fu^t written to the 
respective data seaor. Thus, in addition to minimizing overhead, the present 
invention maintains a formatting operation that is commensurate, in terms of the 
number of passes required to format the disk, with a formatting operation performed 
in a single ID fidd arrangement. 

Brief Descri ption of the Drawings 

Figure 1 is perspective view of a disk drive. 

Figures 2a-c are a series of top views of a disk and actuator of the disk drive of fig. 
1 showing data tracks, and the actuator positioned at the inner diameter, middle 
diameter and outer diameter, respectively, of the disk. 

Figure 3 is an illustration of a data track including a dual ID field arrangement 
according to the prior art. 
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Figure 4 is an illustration of a data track including a dual ED field arrangement 
according to the present invention. 

Figure 5 is an illustration of a complete ID field including VFO and sync mark 
5 overhead. 

Figure 6 is an illustration of the merged ID and data field of fig. 4, according to the 
present invention. 

10 Figures 7a-c illustrate, in sequence, disk format and daU write operations according 

to the present invention. 

Figure 8 illustrates a dual ID arrangement according to another embodiment of the 
present invention. 

15 

Detailed Description 

Referring now to the drawings, and initially to fig. 1 . there is illustrated a disk drive 
designated generally by the reference numeral 20. The disk drive includes a 
plurality of storage diski 22a-d and a plurality of read/ write heads 24a-h. Each of 

20 the storage disks 22a-d is provided with a plurality of data tracks to store user data. 

As illustrated in fig. 1, one head is provided for each surface of each of the disks 
22a-d such that data can be read from or written to the data tracks of all of the 
storage disks. It should be understood that the disk drive 20 is merely 
representative of a disk drive system utilizing the present invention and thai the 

25 present invention can be implemented in a disk drive system including more or less 

storage disks. 

The storage disks 22a-d are mounted for rotation by a spindle motor arrangement 
29. as is known in the art. Moreover, the read/write heads 24a-h are supported by 
30 respective actuator arms 28a-h for controlled positioning over preselected radii of 

the storage disks 22a-d to enable the reading and writing of data from and to the 
data tracks. To that end, the actuator arms 28a-h are rouubly mounted on a pin 
30 by a voice coil motor 32 operable to controllably rotate the actuator arms 28a-h 
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radially across the disk surfaces. 



Each of the read/write heads comprises a magnetic transducer 25 mounted to a 
slider 26 having an air bearing surface. As typically utilized in disk drive systems, 

5 the sliders 26 cause the magnetic transducers 25 of the read/write heads 24a-h to 

"fly" above the surfaces of the respective storage disks 22a-d for non-contact 
operation of the disk drive system. When not in use, the voice coil motor 32 rotates 
the actuator arms 28a-h to position the read/write heads 24a-h over a respective 
landing zone 58, where the read/ write heads 24a-h come to rest on the storage disk 

10 surfaces. 

As known, a printed circuit board (PCS) 34 is provided to mount control electronics 
for controlled operation of the spindle motor 29 and the voice coil motor 32. The 
PCB 34 also incudes read/ write channel circuitry coupled to the read/write heads 
15 24a-h, to control the transfer of data to and from the data tracks of the storage disks 

22a-d, 

Referring now to figs. 2a-c, there is illustrated, in each drawing, a lop plan view 
of one of the disks 22a-d of fig. 1 , As shown by representative data track segments 
20 50, the disk surface is divided into a plurality of individual data tracks. Each of the 

data tracks 50 extends circumferentially around the disk. The data tracks 50 are 
radially spaced from one another from an inner radius to an outer radius of the disk 
22. 



25 As described above, the actuator arm 28 mounts the head 24 for selective 

positioning of the head 24 over any one of the data tracks 50. Each head 24 
includes a read gap and a write gap, shown schematically at reference numerals 60 
and 62, respectively. As shown in each of figs. 2a-c, the path 52 followed by the 
head 24 due to rotation of the actuator arm 28 is arcuate, causing the axis 56 of the 

30 head 24 to form a skew angle B with each the dau track 50. The skew angle 6 

varies from track to track across the circumference of the disk 22, as shown in figs. 
2a-c. The skew angle 6 is greatest when the head 24 is positioned by the actuator 
28 over the outer radius of the disk 22 (fig. 2c), and is srnallest when the head 24 



-7- 



wo 96/23305 



PCT/US96/00379 



is at the middle radius of the disk 22 (fig. 2b). 



Moreover, the skew angle $ causes one of the gaps 62 in the head 24 to be offset 
from a data track centerline when the other gap 60 is centered over the centerline. 
5 This is shown most clearly in the exploded portion of fig. 2c. 

Each data track 50 is divided into a series of data sectors. An illustration of a 
representative data sector 58 is depicted in each of figs. 3 and 4. The data sector 
58 is centered in a data track 50 and contains magnetic transitions (not shown) that 
10 can be sensed by the read transducer in the read gap 60 when the read gap 60 is 

centered over the centerline of the data track 50. Similarly, magnetic transitions can 
be written into the data sector 58 by the transducer in the write gap 62 when the 
write gap 62 is centered over the centerline of the data track 50. 

15 Figure 3 illustrates a dual ID arrangement for a data sector, according to the prior 

solution discussed above. The data sector 58 is preceded by two ID fields, a write 
ID field 70 and a read ID field 72. The write ID field 70 is offset from the 
centerline of the data track 50 by an amount sufficient to compensate for the skew 
angle effect at the particular data track, such that the read gap 60 is centered over 

20 the ID field 70 when the write gap 62 is centered over the data sector 58. 

Accordingly, during a write operation, the read transducer can accurately read the 
ID information stored in the ID field 70 to verify that the head 24 is positioned over 
the proper data sector 58. 

25 During a read operation, the read gap 60 is centered over the centerline of the data 

track and reads the ID infonnation from the read ID field 72, as well as the data 
from the dau sector 58. 

Referring for a moment to fig. 5, there is illustrated a complete ID field. Each of 
30 the ED fields 70, 72 of the prior proposal include a VFO signal 90 that is recorded 

on the disk surface. The VFO signal is read by the read transducer for use by the 
read/write channel circuitry on the PCB 34 to synchronize or "lock" its frequency 
of operation to the frequency of occurrence of magnetic transitions (i.e. the 
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magnetic transitions representing the actual ED information) as the disk rotates below 
the read transducer. The VFO signal 90 is followed by a sync mark field 92 thai 
includes information to indicate to the read/write channel when the actual ID 
information begins. The actual ID information 94 is recorded after the sync mark 
field 92 and is followed by a pad field 96 to separate the ID field 70, 72 from other 
transitions recorded on the disk surface. 

As can be seen from fig. 5, each ID field 70. 72 of the prior proposal includes VFO 
and sync mark informaiion, thus adding to the total overhead required to implement 
the prior dual ID field arrangement. 

Pursuant to the present invention, the total overhead required to implement a dual 
ID field arrangement is minimized by sharing VFO and sync mark information 
between the data field of the data sector and the ID field aligned with the centerline 
of the data track. As shown in fig. 4. an offset write ID field 82 is arranged to 
compensate for the skew effea so that ID information can be read by the read 
transducer during a write operation. The write ID field 82 includes a VFO signal 
and sync mark, as shown in fig. 5. However, according to the present invention, 
read ID information aligned with the data track centerilne, to be read by the read 
transducer during a read operation, is merged into a data sector 58\ Accordingly, 
the read BD field of the sector 58* shares VFO and sync marie overhead with the 
data stored within the sector 58*. 

Referring now to fig. 6, there is illustrated the merged ID and data arrangement of 
the data sector 58' of fig. 4. A VFO signal 100 read by the read transducer, is used 
by the read/write channel circuitry to lock its frequency of operation to the 
frequency of occurrence of magnetic transitions within the entire sector 58 \ 
including the ID and data information represented by the transitions within the sector 
58\ Similarly, a data sync mark field 102 includes information to indicate to the 
read/ write channel the beginning of the actual information to be detected during a 
read operation. In the case of the sector 58\ the information to be delected includes 
both the ID information and the data. 
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The data sync mark field 102 is followed by the actual ID infomaiion, at field 104. 
The ID information is followed, in turn, by a data field 106 containing the data. 
As shown in fig. 6, the data field 106 is followed by error correction code 
information (ECC), in field 108, as generally known in the art. A pad field 1 10 is 
provided following the ECC filed 108. The synchronization and sync mark 
information contained in fields 100 and 102 is shared by the ID and dau fields 104, 
106 and eliminates the need for separate and complete overhead fields for the 
.aligned read ID field to thereby minimize the total overhead required for the dual 
ID field information. 

Another advantage of the dual ID field arrangement according to the present 
invention is that only a single pass is required to format the disk. Figure 7a shows 
two unfonnatted data tracks labeled Track i and Track i + 1 . The two unformatted 
tracks arc devoid of overhead information. 

Figure 7b shows the two tracks after a single pass over each track i and i + 1 by a 
write transducer. During each pass, the write transducer is offset from track 
ccnterline by an amount sufficient to compensate for the skew that occurs in respect 
of the read gap at those times when the write gap is centered over the track 
centerline. While positioned in this offset position, the write transducer is used to 
write the offset ID fields 82 in the respective track. The write transducer writes an 
ID field 82 for each data sector allocated to the particular track, with the ID fields 
82 being spaced radially from one another by an appropriate amount of space 
sufficient to accommodate the writing of a data seaor. 
25 

Figure 7c illustrates the tracks i and i+1 after a write operation to each track. For 
each track, the write gap 62 is centered on the track centeriine, and, consequently, 
as discussed above, the read gap 60 is offset from the track centerline due to the 
skew effect. However, the read gap 60 will be centered on the ID filed 82, as 
30 written during the disk format operation. The read transducer is operated to read 

the ID information. 

If the ID information verifies that the head is located at the correct track, the write 
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transducer is operated to write the data desired to the stored in the data sector 58' 
of the respective track i or i + 1 , At the time of writing the data into the data sector 
58\ the write transducer is controlled to write a copy of the ID information written 
in the ID field 82. according to the arrangement of ID and data fields 104, 106 
shown in fig. 6, In this manner, the ID information can be read by the read 
transducer for verification, when the read gap 60 is centered over the track 
centcrline in a subsequent read operation of the data sector 58\ 

Figure 8 shows an alternative embodiment of the prcsient invention. In this 
embodiment, a write ID field 82' is written at format time and is aligned with the 
track centcrline. During a write operation, after disk formatting, the read gap 60 
is aligned with the track centerlinc to read the ID information. As should be 
understood, the write gap 62 is now offset from the track centcrline due to the skew 
effect. Thus, when the read ID information verifies that the bead is positioned over 
the correct data sector, a merged ID and daU field 58'' is written by the write 
transducer at a radial location that is offset from the track centcrline. During a read 
operation, the read gap is centered over the field 58" rather than the track 
centerlinc. 
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Claims : 

1. For use in a disk drive having a storage disk mounted for rotation, 
a head having separate read and write gaps, and a rotary actuator for mounting the 
head for reading and writing dau from and to the storage disk, a disk medium for 
the storage disk, which comprises: 

, a magnetizable surface; 

a plurality of circumferentially extending data tracks defined on the 
magnetizable surface; 

each data track having a ccnterline and including at least one data 
sector aligned to the centcrlinc; 

the at least one data sector comprising a data field for storing dau and 
control information for use in reading the data sector; 

each data track further including a write ID field containing data 
sector identification information for reading during a write operation of the at least 
one data sector and a read ID field containing data sector identification information 
for reading during a read operation of the at least one data sector; 

the write ID field being arranged in the respective data track at a 
position radially offset from the centerline; 

the write ID field having control information for use in reading the 

write ID field; 

the read ID field being arranged within the data seaor such that the 
control information of the at least one dau sector is used for reading the read ID 
field. 

2. The disk medium of claim 1 wherein the amount of radial offset of 
the write ID field is a function of a skew angle caused by the positioning of the head 
by the roury actuator. 

3. The disk medium of claim 1 wherein each of the control information 
in the data sector and in the write ID field includes a VFO signal and a sync mark, 

4. For use in a disk drive having a storage disk mounted for roution, 
a head having separate read and write gaps, and a roury actuator for mounting the 
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head for reading and writing data from and to the storage disk, a disk medium for 
the storage disk, which comprises: 

a magnetizable surface; 

a plurality of cixcumferentially extending data tracks defined on the 
magnetizable surface; 

each data track having a centerline and including at least one data 
sector radially offset from the centerline; 

the at least one data sector comprising a data field for storing data and 
control information for use in reading the data sector; 

each data track further including a write ID field containing dau 
sector identification information for reading during a write operation of the at least 
one data sector and a read ID field containing data sector identification information 
for reading during a read operation of the at least one data sector; 

the write ID field being arranged in the respective data track at a 
position aligned to the centerline; 

the write ID field having control information for use in reading the 

write ID field; 

the read ID field being arranged within the data sector such that the 
control information of the at least one data seaor is used for reading the read ID 
field. 

5. The disk medium of claim 4 wherein the amount of radial offset of 
the at least one data sector is a function of a skew angle caused by the positioning 
of the head by the rotary actuator. 

6. The disk medium of claim 4 wherein each of the control information 
in the data sector and in the write ID field includes a VFO signal and a sync mark. 

7. For use in a disk drive having a storage disk mounted for rotation, 
a head having separate read and write gaps, and a rotary actuator for mounting the 
head for reading and writing data from and to the storage disk, a disk medium for 
the storage disk, which comprises: 

a magnetizable surface; 
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a plurality of circumferentially extending data tracks defined on the 
magnetizable surface; 

each data track including at least one daU sector; 

the at least one data sector comprising a dau field for storing data and 
control infonnation for use in reading the data sector; 

each data track further including a write ID field containing data 
sector identification information for reading during a write operation of the at least 
one dau sector and a read ID field containing data sector identification information 
for reading during a read operation of the at least one data sector, 

the write ID field being arranged in the respective data track at a 
position radially offset from the at least one dau sector; 

the write ID field having control infonnation for use in reading the 

write ID field; 

the read ID field being arranged within the daU sector such that the 
control information of the at least one dau seaor is used for reading the read ID 
field. 

8. The disk medium of claim 7 wherein the amount of radial offset 
between the at least one dau sector and the write ID field is a function of a skew 
angle caused by the positioning of the head by the rotary actuator. 

9. The disk medium of claim 7 wherein each of the control information 
in the daU sector and in the write ID field includes a VFO signal and a sync mark. 

10. A disk drive, comprising: 

a storage disk mounted for roution; 

a head having separate read and write transducers arranged in 
separate respective read and write gaps; and 

a roury actuator for mounting the head for reading and writing data 
from and to the storage disk; 

the roury actuator causing a skew angle between the read and write 
gaps and the dau tracks; 

the storage disk comprising a magnetizable surface having a plurality 
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of circumfcrentialJy extending data tracks defined on the magnetizable surface; 

each data track including at least one dau sector; 

the at least one data sector comprising a data field for storing data and 
control infonnation for use in reading the data sector; 

each data track further including a write ID field containing dau 
sector identification infonnation for reading by the read transducer of the head 
during a write operation of the at least one data seaor and a read ID field conuining 
data sector identification infonnation for reading the read transducer of the head 
during a read operation of the at least one data sector, 

the write ID field being arranged in the respective data track at a 
position radially offset from the at least one data sector, the radial offset being a 
function of the skew angle such that the read gap is centered over the write ID field 
when the write gap is centered over the at least one data sector; 

the write ID field having control information for use in reading the 

write ID field; 

the read ID field being arranged within the data sector such that the 
control information of the at least one data sector is used for reading the read ID 
field. 

1 1 . The disk medium of claim 10 wherein each of the control information 
in the data sector and in the write ID field includes a VFO signal and a sync mark. 
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